Introduction {#Sec1}
============

Androgens mediate a wide range of developmental and physiological responses through the androgen receptor (AR), and play a crucial role in several stages of male development (Lee and Chang [@CR32]). Mutations in the androgen receptor gene (*AR*) may cause androgen insensitivity syndrome (Ris-Stalpers et al. [@CR47]) and spinobulbar muscular atrophy (La Spada et al. [@CR31]) and are found in prostate and breast cancer tissues (reviewed by Gottlieb et al. [@CR16]; Heinlein and Chang [@CR20]; Weiss et al. [@CR54]). Various studies have tested for association between variability in *AR* and a number of phenotypes including male infertility, breast cancer, and prostate cancer, but the results have been inconsistent (reviewed by Rajender et al. [@CR44]). We recently found genetic variability in a 1 Mb region within and centomeric to *AR* to be associated with androgenetic alopecia (AGA) at a highly significant level (Hillmer et al. [@CR21], [@CR22]). The large size of the associated linkage disequilibrium (LD) block and the high frequency of the derived haplotype were suggestive of recent positive selection in Europeans (Hillmer et al. [@CR21]). Since *AR* is linked to the male reproductive system, it is conceivable that variability in *AR* might have an impact on reproductive success and therefore be subject to natural selection. Consistent with this hypothesis are more recent studies which have reported significant signals of positive selection at the *AR* locus (Altshuler et al. [@CR1]; Voight et al. [@CR52]), although the major signals were located closer to the centromere.

In the present study, we have further analyzed the signature of positive selection in and around the *AR* locus and its relationship to the AGA susceptibility variants there. Our data demonstrate that the *AR* locus is a unique X-chromosomal region with striking differences between human populations. Interestingly, it is the AGA risk haplotype that shows evidence for positive selection in the European population. The AGA risk haplotype also carries a derived non-synonymous allele (57K) in the flanking ectodysplasin A2 receptor gene (*EDA2R*). The 57K allele may have been the target of positive selection in East Asians: it shows large allele frequency differences between populations (Sabeti et al. [@CR49]), lies in a likely functional domain of the EDA2R protein, and the ancestral allele, 57R, is conserved from human to rat. Thus, the AGA risk haplotype may have hitchhiked to high frequency in Europeans as a result of positive selection on the linked 57K allele in *EDA2R*.

Materials and methods {#Sec2}
=====================

Haplotype bifurcation and extended haplotype homozygosity (EHH) {#Sec3}
---------------------------------------------------------------

Phased haplotype data of the non-pseudoautosomal region of the X chromosome of CEU (90 X chromosomes), CHB + JPT (134 X chromosomes), and YRI (90 X chromosomes) were downloaded from the International HapMap project home page (<http://www.hapmap.org/>, release 16) (Altshuler et al. [@CR1]; Gibbs et al. [@CR15]). The European Americans (CEU) are referred to as "European", and the Yoruba (YRI) from Nigeria are referred to as "African". The Han Chinese and Japanese (CHB + JPT) data were pooled and are referred to as "East Asian". SNPs polymorphic in the respective populations were selected. Haplotype bifurcation, EHH, and relative EHH (REHH) were analyzed using Sweep software v1.1 (Sabeti et al. [@CR48]), which was downloaded from (<http://www.broad.mit.edu/mpg/sweep>). The longest non-overlapping haplotype blocks with between 3 and 20 SNPs were determined using the block definition of Gabriel et al. ([@CR14]). The haplotype block which overlapped with the 5′ end of *AR* was defined as the core for bifurcation, EHH, and REHH analysis. The EHH approach proposed by Sabeti et al. ([@CR48]) compares rates of LD decay between haplotypes. The REHH corrects for local variation in the recombination rate by comparing the EHHs of different core haplotypes present at a locus. Only core haplotypes with frequencies \>0.05 were selected for presentation. To determine the significance of EHH, the EHHs within a distance of 0.5 cM of the selected core were compared to the EHHs within a distance of 0.5 cM of all other cores of the non-pseudoautosomal X chromosome.

Haplotype block structure {#Sec4}
-------------------------

Genotype data, one Mb upstream and downstream from the *AR* start site (chrX:65,546,894...67,546,894, build 35) of CEU, CHB + JPT, and YRI were downloaded from the International HapMap project home page (<http://www.hapmap.org/>, release 21a) (Altshuler et al. [@CR1]) and haplotype structure was analyzed with Haploview software v4.0 (Barrett et al. [@CR4]) using the definition of Gabriel et al. ([@CR14]).

Derived allele frequencies {#Sec5}
--------------------------

The phased haplotype data from 1 Mb upstream and downstream of *AR* of those SNPs, which were polymorphic in at least one population were downloaded (HapMap release 21a), and chimpanzee alleles were defined as ancestral alleles (Mikkelsen et al. [@CR33]). In addition, macaque alleles were used to identify the ancestral alleles and SNPs with discrepant predictions from chimpanzee and macaque were excluded.

*F*~ST~ analysis {#Sec6}
----------------

Genotype data (build 35) were downloaded from the HapMap project home page (release 20). Only unrelated individuals were included: 60 European American, 45 Han Chinese, 45 Japanese, and 60 Yoruba. SNPs of the pseudoautosomal region of the X chromosome were not considered. A weighted average *F* ~ST~ was calculated according to equation (10) of Weir and Cockerham ([@CR53]) for 759 non-overlapping 200 kb windows across the X chromosome. The windows were designed such that *AR* was centered inside a single window. For each *F* ~ST~ comparison, *P* values were defined as the proportion of 200 kb windows with *F* ~ST~ values equal to or greater than the *F* ~ST~ value in the window containing *AR*. Similarly, the 95 and 99% thresholds represent the *F* ~ST~ values above which 5 and 1% of the windows' *F* ~ST~ values lie, respectively. We define the value of the test statistic as "significant" if it lies within the most extreme 5% of the empirical distribution of that test statistic. We acknowledge that our *P* value only represents the position of a value relative to the empirical distribution and that this is not a statistical "significance test".

Results {#Sec7}
=======

Haplotype homozygosity {#Sec8}
----------------------

Under the influence of positive selection, an allele may rise to a high frequency before successive recombination events disrupt the haplotype on which the allele lies (reviewed by Bamshad and Wooding [@CR2]).This phenomenon is the rationale behind the extended haplotype homozygosity (EHH) test which exploits the assumption that, under neutrality, LD of high-frequency haplotypes tends to be less extensive than that of low-frequency haplotypes. To test for deviation from neutrality at the human *AR* locus, we investigated EHH using HapMap data extending 1 cM upstream and downstream of *AR*. The 5′ end of *AR* was chosen as the core haplotype region since we had previously found strong association between variants within this region and AGA in the German population (Hillmer et al. [@CR21]). Analysis of the European genotype data revealed three frequent core haplotypes, with the most frequent haplotype (Eur-H1; European haplotype 1) carrying four AGA risk alleles (Fig. [1](#Fig1){ref-type="fig"}a). Bifurcation of Eur-H1 toward the centromere is low with respect to the high frequency of this haplotype, and compared to the less frequent haplotypes Eur-H2 and Eur-H3 (Fig. [1](#Fig1){ref-type="fig"}b). This is reflected by the EHH of Eur-H1 toward the centromere, which is higher than the EHH of the less frequent haplotypes Eur-H2 and Eur-H3 (Fig. [1](#Fig1){ref-type="fig"}d). The Eur-H1 EHH of 0.79 centromeric to the core is significantly higher (*P* value = 0.028) than the EHH of other X-chromosomal core haplotypes of comparable frequency (Fig. [2](#Fig2){ref-type="fig"}). However, the relative EHH test statistic (REHH), which corrects for local variation in the recombination rate and is 2.75 for Eur-H1 centromeric to the core, is not unusually high compared to the empirical distribution (*P* value = 0.151). Toward the telomere, both EHH, and REHH were not significantly different than expectation.Fig. 1*AR* promoter haplotype frequency, bifurcation, EHH, and REHH in the European population. Phased HapMap data was analyzed using Sweep software. **a** Haplotypes with frequencies \>5% are shown. The three core haplotypes are numbered 1--3 and are colored to match the colors in parts **b**--**e**. The ancestral alleles were determined using the chimpanzee sequence. Positions that carry the ancestral allele are represented by *dot* and in cases where t he ancestral allele could not be determined, the nucleotides carried by each haplotype are indicated in *light gray*. Freq, frequency. **b** Haplotype bifurcation plots of the three core haplotypes depict recombination events, and therefore the breakdown of LD, on each common *AR* promoter haplotype. The thickness of the line represents the frequency of each haplotype. Bifurcation occurs when haplotype homozygosity breaks down. **c** Relative gene positions (*boxes*) and analyzed SNPs (*gray vertical lines*) are shown; SNPs for core haplotypes are in *blue*, non-synonymous SNP rs1385699 is in *red*. **d** Plots of decay of EHH and REHH (**e**) for increasing distances from *AR* for each common haplotype are shown Fig. 2The distribution of EHH values by allele frequency distribution across the X chromosome in Europeans. EHH was calculated at 0.5 cM distances on both sides of all possible core haplotypes from European X chromosome HapMap data. EHH of the *AR* core haplotype toward the centromere (EHH = 0.793; REHH = 2.751) and telomere (EHH = 0.308; REHH = 0.513) are shown. *Points* outside the shaded areas have EHH values within the top 5% of the empirical distribution

Haplotype specific LD differed considerably between populations. In Africans, the diversity of haplotypes was higher and the bifurcations more complex than in the European population (Supplementary Fig. 1). Afr-H3 (which is closest to Eur-H1) has a frequency of only 12% and an EHH of 0.65 (*P* value = 2.3 × 10^−4^) centromeric to the core (Supplementary Fig. 1). However, the centromeric REHH of Afr-H3 is 5.5 (*P* value = 0.13). The variability centromeric to *AR* is markedly lower in the East Asian population compared to the European and African populations. Therefore, haplotype comparisons between the populations are not straightforward, and none of the East Asian core SNPs has been shown to be associated with AGA. Due to low variability within and centromeric to *AR*, bifurcations of the haplotypes toward the centromere are low (Supplementary Fig. 2). In the East Asian population, EHH for all three high-frequency haplotypes in both directions of the core have *P* values \< 0.05, but the respective REHH values were not unusually high.

Thus, the EHH analysis shows that it is the AGA risk haplotype that displays extended haplotype homozygosity from *AR* toward *EDA2R*, but it does not provide a significant REHH signal.

Differentiation of common SNPs between the three major continental populations {#Sec9}
------------------------------------------------------------------------------

To understand more clearly the overall LD structure at the *AR* locus, we compared HapMap genotype data of the three major continental populations. The LD and haplotype block structure differ markedly across the populations. Centromeric of *AR* is a region of high LD in the European population (Supplementary Fig. 3b). This region includes *EDA2R* which is located more than 900 kb centromeric to *AR*. The LD in this region is lower in the African sample, in agreement with previous studies which have consistently found lower LD in African than in non-African populations (Hinds et al. [@CR24]; Altshuler et al. [@CR1]) (Supplementary Fig. 3c). In contrast, only a few SNPs between *EDA2R* and *AR* are polymorphic in the East Asian population, and the distant polymorphic SNPs are in low LD (Supplementary Fig. 3d). This is in accordance with the low haplotype bifurcation in the East Asian population. Again, the most striking differences between the investigated populations were found centromeric to *AR*.

The observation of low variability in the East Asian population prompted us to investigate the distribution of ancestral and derived alleles in East Asia. Comparison of the derived allele frequencies of Europeans, Africans, and East Asians revealed remarkable differences. Most SNPs in and between *EDA2R* and *AR* which are polymorphic in at least one of the three populations were observed to be fixed for the derived allele in the East Asian sample (Supplementary Fig. 4), consistent with a recent selective sweep in East Asians at this locus.

Geographically restricted positive selection can create large allele frequency differences between populations. The *F* ~ST~ statistic captures the difference in allele frequency between populations and has values that range from 0 (no differentiation) to 1 (fixed difference between populations). It has previously been shown that positively selected alleles tend to accumulate in the top tail of the *F* ~ST~ distribution (Beaumont and Balding [@CR5]; Pollinger et al. [@CR42]) and that putatively functional variants are more likely to display increased *F* ~ST~ (Barreiro et al. [@CR3]). We calculated average *F* ~ST~ in non-overlapping 200 kb windows across the X chromosome. *F* ~ST~ of three consecutive windows (600 kb) between *EDA2R* and *AR* were significantly high (*P* \< 0.01) in the comparisons between the East Asian and African samples (Fig. [3](#Fig3){ref-type="fig"}). The flanking windows containing *EDA2R* (2nd centromeric window) and *AR* (1st telomeric window) were also significantly higher than expected (*P* = 0.024 and *P* = 0.03, respectively). The European/East Asian comparison showed no significant differences at this locus. In contrast, the European/African analysis revealed significant average *F* ~ST~ values for the windows between *EDA2R* and *AR*, but no significance for the windows containing the genes themselves (*P* = 0.078 and *P* = 0.089, respectively). Thus the *F* ~ST~ analysis shows that extended haplotype homozygosity of the AGA risk haplotype is accompanied by strong differentiation between human populations and once more highlights that the region between *EDA2R* and *AR* is a region of particular interest.Fig. 3Average *F* ~ST~ values calculated from the HapMap data for 200 kb windows across the X chromosome. Population pairwise comparisons and the three way comparison are presented. 95 and 99% thresholds are indicated by *dotted lines*. The *shaded region* indicates the genomic region surrounding *AR*, which is shown in detail in the *shaded box* in the *top right* of each plot. In the *shaded boxes*, each *dot* represents the *F* ~ST~ value for a 200 kb window. The 200 kb window containing *AR* is represented by a *solid dot* and the *F* ~ST~ value for this window and its *P* value are given in a *box* in each plot

Family based recombination rate at the AR locus {#Sec10}
-----------------------------------------------

Although the earlier-reported haplotype homozygosity at the *AR* locus shows a pattern consistent with the influence of positive selection, it is important to note that the influence of recombination rate variation on extended haplotype homozygosity is still being explored (O'Reilly et al. [@CR39]). Such research has pointed out that the existing methods for identifying loci with signatures of recent positive selection are prone to biases towards regions with low recombination rates (Myles et al. [@CR35]; Nielsen et al. [@CR37]). What is more, an increased population recombination rate is associated with those functional categories of genes that show faster and accelerated sequence evolution between species, an observation which led to the hypothesis that evolution could favor recombination at loci subject to stronger directional selection (Frazer et al. [@CR11]; Freudenberg et al. [@CR12]). For these reasons, it is important to consider the local recombination rate when hypothesizing about a recent history of non-neutral evolution at a genetic locus. A low recombination rate can be expected for the *AR* locus, since recombination is known to be lower towards the centromere, and the X chromosome only recombines in females. According to the Decode genetic map (Kong et al. [@CR30]), the female recombination rate for the interval between the *EDA2R* and the *AR* (65.6--66.6 Mb on the NCBI 35 assembly) is 0.756 cM/Mb, which is below average. In order to interpret the possible influence of the local recombination rate on LD in a population, the female recombination rate must be translated into the sex-averaged rate (0.378 cM/Mb). This value is clearly at the lower end of the distribution of recombination rates for all 1 Mb windows across the human genome (Supplementary Fig. 5). A low recombination rate is thus one factor that is likely to have contributed to the extent of LD and haplotype homozygosity at the *AR* locus. The lack of formal significance for our REHH analysis, which corrects for local variation in the recombination rate, suggests that the high EHH might be influenced by the low recombination rate at this locus. Thus, low recombination rate certainly has contributed to the strong LD from *EDA2R* to *AR*, which applies in either the presence or the absence of recent positive selection.

Discussion {#Sec11}
==========

The present study was initiated in order to understand the putative signatures of recent positive selection at the human *AR/EDA2R* locus and their relationship to haplotypes that have been shown to be the major genetic determinant of AGA (Ellis et al. [@CR8], [@CR9]; Hayes et al. [@CR19]; Hillmer et al. [@CR21], [@CR22]; Richards et al. [@CR46]). In the European population, the AGA-associated alleles are on the most frequent haplotype Eur-H1, which showed an unusually high EHH toward *EDA2R*. Although REHH was not extreme, the levels of EHH and REHH are clearly higher compared to the levels of the less frequent haplotypes in the European population. The high haplotype specific LD, which is indicative of a young haplotype with a high frequency, suggests a rapid increase in the frequency of Eur-H1.

The chromosomal region extending from *AR* to *EDA2R* displays several unusual features: (1) The interval of more than 1 Mb displays high LD in the European population. It has been previously shown that the average pairwise LD of the *AR* locus was the highest of all X-chromosomal windows with the same recombination rate (Hillmer et al. [@CR21]). (2) The LD of the *AR/EDA2R* locus differs between the three continental populations, with comparatively low LD observed in Africans. (3) In East Asians, genetic variability in this region is remarkably low due to fixation of the derived allele of most SNPs. Since a locus that has experienced positive selection will subsequently show low levels of genetic variation (Kim and Stephan [@CR28]) and an excess of high-frequency derived variants (Fay and Wu [@CR10]), the pattern of variation at the *AR/EDA2R* locus in East Asia may be best explained by a selective sweep. When those SNPs which are non-polymorphic in East Asia are included in an LD analysis, the region displays high LD and the pattern is more similar to that of Europeans.

In order to explain the pattern of genetic variability observed at the *AR* locus, genetic drift needs to be considered as the null hypothesis. In fact, population range expansions can lead to the geographic spread of alleles and thereby to strong differences in allele frequencies between continents (Hofer et al. [@CR25]; Klopfstein et al. [@CR29]). It has been reported that East Asians generally have fewer rare derived alleles than Europeans, which has been interpreted as an indication of increased genetic drift in East Asians (Keinan et al. [@CR26]). Furthermore, significantly larger *F* ~ST~ values have been observed between East Asian and Africans than between Europeans and Africans, with a more pronounced bottleneck in East Asians being the probable cause (Keinan et al. [@CR26]). Compared to the pattern of the autosomes, the X chromosome shows a stronger genetic drift in North Europeans and East Asians and both populations harbor more high-frequency derived alleles on the X chromosome than expected (Keinan et al. [@CR27]).

On other hand, the influence of positive selection on *AR/EDA2R* haplotype diversity gains further support from the evidence that the non-synonymous substitution R57K (rs1385699) in *EDA2R* has been subject to positive selection, with frequencies of the derived allele 57K (rs1385699 T) of 0% in Africa, 70% in Europe, and 100% in East Asia (Sabeti et al. [@CR49]). The frequency of the haplotype carrying rs1385699 T (57K) and the AGA risk alleles on Eur-H1 is 0.71 in the European population (Table [1](#Tab1){ref-type="table"}). Given the extent of LD between the two genes, it is possible that the AGA risk alleles rose to high frequency due to a hitchhiking event that was driven by selection for the 57K allele. Alternatively, the 57K allele may itself be considered as a candidate for conferring AGA susceptibility, since the ectodysplasin pathway is involved in hair development (Botchkarev and Fessing [@CR6]; Fujimoto et al. [@CR13]). *EDAR* (*ectodysplasin-A receptor*) is an ortholog of *EDA2R* and the derived amino acid 370A in EDAR results in enhanced NF- κB activity (Mou et al. [@CR34]; Bryk et al. [@CR7]), larger hair follicles and thicker hair fibers in mice (Mou et al. [@CR34]) and is associated with increased hair thickness in humans (Fujimoto et al. [@CR13]; Mou et al. [@CR34]). Since hair follicle miniaturization is a feature of AGA (Randall [@CR45]), *EDA2R* contribution to AGA development is plausible. Amino acid 57 is located in one of three cysteine-rich regions of the extracellular domain of EDA2R which specifically binds the ligand EDA-A2 (ectodysplasin A isoform 2) (Yan et al. [@CR55]). A possible functional role for R57K gains further support from the fact that the ancestral allele 57R is conserved between human, chimpanzee, mouse, and rat. As the 57K allele is strongly associated with AGA (Prodi et al. [@CR43]), this SNP is a good candidate for the functional AGA variant at this locus. Interestingly, *EDAR* shows strong signatures of positive selection (Barreiro et al. [@CR3]; Bryk et al. [@CR7]; Myles et al. [@CR35]). The hair phenotype as a driving force due to climate adaptation or sexual selection has been suggested and phenotypic hitchhiking on another trait (e.g. tooth morphology) has been considered. However, in contrast to *EDAR* deficiency, genetic *EDA2R* ablation in mice is not accompanied by any visible skin or hair follicle abnormality (Newton et al. [@CR36]). Further, our data showed stronger association for SNPs other than rs1385699 at the *AR/EDA2R* locus (Table [1](#Tab1){ref-type="table"} and Hillmer et al. [@CR21], [@CR22]) and there appears to be no independent effect of *AR* and *EDA2R* variants on AGA susceptibility (own unpublished data). The androgen signaling pathway is of great importance for the development of AGA since castration and complete androgen insensitivity syndrome inhibit the development of AGA (Hamilton [@CR18], Randall [@CR45]). Both genes, *AR* and *EDA2R*, are therefore good candidates for AGA. It seems likely that a regulatory variant between the two genes is of functional relevance for AGA, but it remains unclear whether *AR*, *EDA2R* or both genes are involved.Table 1Association of rs1385699 and *AR* core haplotype SNPs with AGA and haplotype frequenciesrs1385699rs2497935rs962458rs12007229rs12396249Haplotype freq.198 German affected versus 157 German unaffected (Hillmer et al. [@CR21]) Association *P* with AGA9.41 × 10^−5^3.17 × 10^−11^2.56 × 10^−6^ OR for AGA38.6911.1 OR (95% CI)1.71--5.324.23--17.873.27--37.74 AGA risk alleleTAA0.649^a^296 German affected versus 347 German controls (Hillmer et al. [@CR23]) Association *P* with AGA1.6 × 10^−4^4.61 × 10^−6^0.002349.05 × 10^−9^ OR for AGA2.229.632.965.22 OR (95% CI)1.46--3.372.98--31.171.43--6.132.82--9.67 AGA risk alleleTACG0.703^b^European haplotype^c^TAACG0.711CAACG0.078CGAAA0.078TGAAA0.078CGGCA0.033CGACG0.022^a^Haplotype frequency in 188 male German blood donors^b^Haplotype frequency in 182 male German population controls^c^HapMap CEU data (Altshuler et al. [@CR1]; Gibbs et al. [@CR15])

All four recently reported genome-wide studies have shown that the *AR/EDA2R* locus is the major AGA-susceptibility locus in the European population (Hillmer et al. [@CR22], [@CR23]; Prodi et al. [@CR43]; Richards et al. [@CR46]). An interesting question thus arises from the observation that AGA prevalence differs between populations. Previous work has shown that AGA is about half as frequent in Asians as in Europeans (Hamilton [@CR17]; Norwood [@CR38]; Paik et al. [@CR40]; Pathomvanich et al. [@CR41], Tang et al. [@CR51]). Epidemiological data for African populations is sparse, but it has been reported that males without AGA are four times more frequent in Africa than in Europe (Setty [@CR50]). The European AGA risk alleles, however, are fixed in the East Asian sample (including 57K) and their frequencies therefore do not correlate with the AGA frequencies. As AGA might be regarded as a secondary sexual characteristic, rather than a disorder, it is possible that the hair loss itself was under enhanced sexual selection by identifying the older male leader comparable to the silver-backed gorilla (Randall [@CR45]). The reported lower prevalence of AGA in Africans might then be explained by the importance of scalp hair for the protection against the tropical sun which outweighed the enhanced sexual selection (Randall [@CR45]). Since the causative variant has not yet been identified, the lower prevalence of AGA in Asia and presumably in Africa might indicate a higher frequency of the functional AGA allele in the European population, either due to its origin on a Europe-specific background or differences in population demography. Alleles of 21 SNPs between *AR* and *EDA2R* are more frequent in Europeans than in East Asians and Africans (Supplementary Table 1). Three of these have been tested for association with AGA in a German sample (Hillmer et al. [@CR22]) and the AGA risk allele of one SNP (rs471205) is more frequent in Europeans than in East Asians and Africans. Although the association of rs471205 was only moderate and a functional relevance for AGA development, therefore, seems unlikely, the other SNPs with this frequency pattern are good candidates for further investigation. Since the HapMap data does not cover all SNPs in this region, the presence of more SNPs showing the respective population differentiation is possible. Alternatively, it may be that the penetrance of the mutation is modified by genetic background or environmental factors. Genetic studies of AGA in non-European populations are warranted in order to address this question.

Importantly, the markers with the strongest population differences (as measured by average *F* ~ST~ values in the European/African and East Asian/African comparison) are found in the region extending from *AR* toward the centromere, including *EDA2R*. It is tempting to speculate that the proposed positive selection on 57K (Sabeti et al. [@CR49]) is a driving force behind the population haplotype distribution centromeric to *AR* and that hitchhiking of the AGA susceptibility mutation on the 57K background accounts for the high prevalence of the phenotype. In either case, it seems safe to say that the mutation which confers risk for AGA in the European population rose to high frequency in combination with the derived allele 57K in *EDA2R*. 57K being the causative variant for AGA might be regarded as less likely as this allele is fixed in East Asia whereby the prevalence of AGA is lower in this population compared to Europeans. As the signature of positive selection is less profound in Europeans compared to East Asians, but AGA prevalence is higher in Europeans, it seems likely that the AGA causative variant and the cause for positive selection are distinct from each other. Resequencing of the AGA risk haplotype of the *AR/EDA2R* locus in different populations and subsequent association analysis are needed to clarify whether a Europe specific mutation accounts for the higher prevalence of AGA in this population.
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Below is the link to the electronic supplementary material. *AR* promoter haplotype frequency, bifurcation, EHH and REHH in the African population. Phased HapMap data was analyzed using Sweep software. (a) Haplotypes with frequencies \>5% are shown. The six core haplotypes are numbered 1-6 and are colored to match the colors in parts b-e. The ancestral alleles were determined using the chimpanzee sequence. Positions that carry the ancestral allele are represented by "." and in cases where the ancestral allele could not be determined, the nucleotides carried by each haplotype are indicated in light gray. Freq, frequency. (b) Haplotype bifurcation plots of the six core haplotypes depict recombination events, and therefore the breakdown of LD, on each common *AR* promoter haplotype. The thickness of the line represents the frequency of each haplotype. Bifurcation occurs when haplotype homozygosity breaks down. (c) Relative gene positions (boxes) and analyzed SNPs (gray vertical lines) are shown; SNPs for core haplotypes are in blue. (d) Plots of decay of EHH and REHH (e) for increasing distances from *AR* for each common haplotype are shown (EPS 12219 kb) *AR* promoter haplotype frequency, bifurcation, EHH and REHH in the East Asian population. Phased HapMap data was analyzed using Sweep software. (a) Haplotypes with frequencies \>5% are shown. The three core haplotypes are numbered 1-3 and are colored to match the colors in parts b-e. Freq, frequency. (b) Haplotype bifurcation plots of the three core haplotypes depict recombination events, and therefore the breakdown of LD, on each common *AR* promoter haplotype. The thickness of the line represents the frequency of each haplotype. Bifurcation occurs when haplotype homozygosity breaks down. (c) Relative gene positions (boxes) and analyzed SNPs (gray vertical lines) are shown; SNPs for core haplotypes are in blue. (d) Plots of decay of EHH and REHH (e) for increasing distances from *AR* for each common haplotype are shown (EPS 2836 kb) LD plots of the *AR* locus of the three HapMap populations. (a) Genes are represented by horizontal black bars and transcript orientations are illustrated by arrows. (b) - (d) LD was visualized using Haploview software. LD is indicated as shades of pink and red for LOD ≥ 2 and D' \< 1, bright red for LOD ≥ 2 and D' = 1, white for LOD \< 2 and D' \< 1, and blue for LOD \< 2 and D' = 1. The haplotype block definitions of Gabriel et al. (2002) were used and haplotype blocks are indicated by black triangles (PDF 1544 kb) Derived-allele frequencies of the *AR* locus for the three HapMap populations. Genotype data were downloaded from the HapMap home page and derived alleles were defined by comparison to chimpanzee alleles using Sweep software (EPS 1708 kb) Distribution of recombination rates for 1 Mb windows across the human genome based on the Decode genetic map (Kong et al. 2002) (EPS 298 kb) Supplementary material 6 (DOC 54 kb)
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